Delayed heart rate recovery (HRR) post treadmill exercise testing reflects autonomic dysfunction and is related to worse cardiovascular outcome. The present study compared HRR in normotensive subjects and hypertensive patients taking antihypertensive medications with controlled blood pressure (BP) and uncontrolled BP. A total of 279 consecutive patients with (n = 140, HP) and without (n = 139, N-HP) essential hypertension who were hospitalized in our department during May 2012 to March 2016 were included in this study. All subjects underwent treadmill exercise testing. Hypertensive patients were divided into controlled BP (n = 88) and uncontrolled BP (n = 52) groups according to their BP prior to treadmill exercise testing. Body mass index, triglyceride level and incidence of diabetes mellitus (DM) were significantly higher in the HP group than in the N-HP group, and HDL-c and HRR were significantly lower. Male gender, higher creatinine value and lower cholesterol and HDL-c were associated with lower HRR in the N-HP group, and higher triglyceride, lower LDL-c, and HDL-c were associated with lower HRR in the HP group. More frequent, ⩾ 3, antihypertensive drug use, less monotherapy use and high incidence of smokers and lower HRR were found in hypertensive patients with uncontrolled BP compared to hypertensive patients with controlled BP. The present results demonstrate that uncontrolled BP following antihypertensive medication is associated with lower HRR in hypertensive patients.
INTRODUCTION
Hypertension remains a major public health problem that is associated with considerable morbidity and mortality. 1 The rate of decline in heart rate (HR) after exercise (HR recovery, or HRR) reflects the status of vagal tone activation and sympathetic tone withdraw post exercise. Lower HRR represents an autonomous imbalance and is related to a worse cardiovascular outcome. 2 Previous studies have shown reduced HRR in hypertensive patients. 3, 4 The impact of BP control on HRR in hypertensive patients is not fully understood. Beta-blockers are widely used to lower BP in hypertensive patients and exert a direct impact on HR. Previous studies have shown that HRR maintained its prognostic value in heart failure patients, regardless of beta-blocker use. 5 Karnik et al. 6 demonstrated that beta-blockers do not affect HRR in patients with a negative exercise stress echocardiography result and that HRR may be used for mortality prediction in these patients. HRR is improved in the presence of beta-blockers in patients with a positive exercise stress echocardiography result. 6 The impact of beta-blockers on hypertensive patients has not been reported. The present study compared the HRR between hospitalized normotensive subjects and hypertensive patients and between hypertensive patients with controlled and uncontrolled BP in the absence and presence of beta-blockers.
PATIENTS AND METHODS

Study population
A total of 279 consecutive hospitalized patients with (n = 140) and without (n = 139) diagnoses of essential hypertension who underwent treadmill exercise tests and achieved the submaximal goal HR [(220 − age) × 0.85] during May 2012 to March 2016 were included in this retrospective study.
Patients with acute coronary syndrome, old myocardial infarction, complete left bundle branch block, WPW syndrome, atrial fibrillation, valvular heart disease and known non-ischemic cardiomyopathy were excluded. Patients treated with digitalis were also excluded. The local hospital ethics committee approved the study protocol, and written consent was obtained from each participating patient. All hypertensive patients received antihypertensive medication. Venous blood samples were obtained for lipid measurements following an overnight fast.
Treadmill exercise test
The treadmill exercise test was performed as previously described on a GE T2100 treadmill machine equipped with CASE6.5 software and exercise ECG test system according to the ACC/AHA 2002 guideline update for exercise testing. 7 Symptom-limited Bruce's protocol was used, and a surface 12-lead ECG was continuously monitored. BP was measured and recorded at rest, the end of each stress stage, peak stress, and recovery until six minutes after exercise or ST segment returned to the baseline level. 8, 9 The exercise was stopped at the time of submaximal goal HR [(220 − age) × 0.85]. The treadmill test was performed according to the Bruce plan: the initial speed was of the treadmill was 1.7 km h − 1 , slope 10°; the second speed was 2.5 km h , slope 16°. The speed increased every 3 min. HR and BP at rest and after exercise were measured in a sitting position using the method proposed by the American Heart Association.
10 HRR1 for the treadmill exercise test was the difference between the maximum HR in motion and the HR one minute after the test. Abnormal HRR1 was defined as ⩽ 24 beats per minute. 11 The HR and HRR at 2, 3, 4 and 5 min after exercise were also analyzed. Figure 1 shows HR and HRR changes after exercise. 4 The overall kinetics of HR or HRR during the transition from exercise peak to rest 1-5 min was described using the following mono-exponential function:
where a0 is the pre-recovery value of HR (or HRR) of exercise peak and a1 is the amplitude of the change in HR (or HRR) from a0. T is the recovery time constant (mean response time) and represents the time required to attain 63% of the steady-state amplitude. The model parameters were estimated using least-squares nonlinear regression, in which the best fit was defined by minimizing the residual sum of squares and minimal variation of residuals.
Follow-up
Patients were followed up for 3-48 months, with an average follow-up time of 18.8 ± 11.7 months, by phone call or home/clinic visit.
Statistical analysis
Continuous data are expressed as the mean ± standard deviation. Student's t-test was used for comparisons between groups. The chisquare test was used to compare the rates. The risk factors for hypertension were determined using multivariate logistic regression model after adjusting for age and gender. P-values o 0.05 were considered statistically significant. Statistical analyses were performed using IBM SPSS 19.0 software (Armonk, NY, USA). Table 1 shows the clinical characteristics between N-HP and HP patients. Body mass index (BMI), triglyceride level and incidence of DM were significantly higher in the HP group than in the N-HP group, and HDL-c and HRR were significantly lower. BP was significantly higher in the HP group than the N-HP group before treadmill exercise, at peak exercise and 1 and 5 min post exercise. HR was significantly higher and HRR was significantly lower in the HP group than the N-HP group at 1-5 min after exercise. The percent of manual labour was similar between the N-HP and HP groups, and education status was better in the HP group than in the N-HP group.
RESULTS
Clinical features of patients in N-HP and HP groups
Multiple regression analysis showed that history of DM, higher BMI, TG values, education level, and reduced HRR post exercise were risk factors and that higher HDL-c was a protective factor of HP after adjusting for gender and age (Table 2 ). Figure 1a and b show the HR and HRR changes post exercise in the N-HP and HP groups.
Clinical features and risk factor comparison between N-HP and HP patients with normal and reduced HRR Table 3 shows the clinical features of N-HP and HP patients with normal or reduced HRR. Male gender, smoking, BMI and creatinine values were higher in non-HP subjects, and CHOL and HDL-c values were lower in the reduced HRR group compared with the normal HRR group. TG was higher in HP subjects, while LDL-c and HDL-c were lower in the reduced HRR group compared to the normal HRR group.
Clinical features of hypertensive patients with controlled and uncontrolled BP The incidence of smokers, CCB use and patients with reduced HRR were significantly higher in hypertensive patients with uncontrolled BP compared with hypertensive patients with controlled BP. The incidence of monotherapy was higher and ⩾ 3 drug therapy regimens was lower in hypertensive patients with controlled BP compared with hypertensive patients with uncontrolled BP. HRR1, HRR3 and HRR5 were significantly lower and peak exercise BP and BP at 1 min post exercise was significantly higher in hypertensive patients with uncontrolled BP compared to hypertensive patients with controlled BP. The percentages of manual labour occupation and education level were similar between hypertensive patients with uncontrolled and controlled BP (Table 4) . Figures 1c and d show the HR and HRR changes post exercise in hypertensive patients with controlled and uncontrolled BP.
Clinical features of hypertensive patients with or without beta-blockers We divided the hypertensive patients into without beta-blockers group and with beta-blockers group to observe the potential impact of beta-blockers on HRR in hypertensive patients (Table 5 ). Our results demonstrated that the clinical characteristics, including HRR, were comparable between the groups, which suggest that HRR was not significantly affected by beta-blockers in hypertensive patients.
Follow-up results
Two patients were lost to follow-up, one patient in the HP group and the other in the N-HP group. There were no deaths or acute myocardial infarctions during the follow-up. Three of the 97 patients (3.1%) in the N-HP group with normal HRR and two of the 41 patients (4.9%) in the N-HP group with reduced HRR were hospitalized due to cardiac reasons. Three of the 74 patients (4.1%) in the HP group with normal HRR and three of the 65 patients (4.6%) in the HP group with reduced HRR were hospitalized due to cardiac reasons. The incidence of re-hospitalization due to cardiac reasons was similar among groups.
DISCUSSION
This study found that HRR was significantly lower in hypertensive patients compared with non-hypertensive patients. HRR was also significantly lower in hypertensive patients with uncontrolled BP compared with hypertensive patients with controlled BP. Our data Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARBs: angiotensin receptor blockers; BMI, body mass index; CAD, coronary artery disease; CCB, Calcium Channel Blockers; CHOL, cholesterol; DBP, diastolic blood pressure; DM, diabetes mellitus; Ex, treadmill exercise; HDL-c, high density lipoprotein cholesterol; HP, hypertensive; HR, heart rate; HRn, heart rate at n minute post exercise; HRR, heart rate recovery; HRRn, heart rate recovery at n minute post exercise; LDL-c, low density lipoprotein cholesterol; Mets, metabolic equivalents (1MET = 3.5 ml kg − 1 per minute of oxygen consumption); N-HP, normotensive; SBP, systolic blood pressure; TG, triglyceride; yr, year.
Heart rate recovery in hypertensive patients Y Yu et al indicate that more intensive BP control is essential to improve the autonomous balance and outcome for hypertensive patients and HRR, which is an inexpensive and easily available biomarker. HRR should be monitored to guide anti-hypertensive therapy. To the best of our knowledge, this study is the first report describing the association between HRR and BP in hypertensive patients receiving anti-hypertensive therapy.
Reduced HRR and hypertension The present study found that HRR was reduced in hospitalized patients with hypertension compared with hospitalized patients without hypertension, which is consistent with previous studies. 3, 4 Multiple regression analysis demonstrated that besides history of DM, higher BMI and TG values, reduced HRR1-HRR5 were also important risk factors of hypertension after adjusting for gender and age. Notably, our results showed that HRR1, HRR3 and HRR5 were significantly lower in hypertensive patients with uncontrolled BP than in hypertensive patients with controlled BP. This novel finding suggests that optimal BP after anti-hypertensive medication is related to an improved sympathetic/vagal balance in hypertensive patients. As expected, the percent of patients using a combined drug therapy regimen was higher in hypertensive patients with uncontrolled BP, and the percent of monotherapy use was more often seen in hypertensive patients with controlled BP. These results indicate that the sympathetic/ vagal imbalance in patients with uncontrolled BP might serve as a reason for the uncontrolled BP despite the use of medications according to the current guideline. 12 Strategies that aim to improve sympathetic/vagal imbalance might be important to treat patients with uncontrolled BP in addition to guideline-conforming antihypertensive medications.
Risk stratification for patients with severe cardiovascular diseases, such as in chronic heart failure patients (NYHA II or III) with left ventricular ejection fraction ⩽ 40% 13 could be already made by lower HRR (⩽18 per minute), and higher HRR might be applicable to patients with relatively 'mild' cardiovascular diseases, as in the case of uncomplicated essential hypertension shown in this study and in patients with stable heart failure (⩽24/minute). 14 The mean HRR in the present study cohort was 31 ± 10 for nonhypertensive patients and 26 ± 8 for hypertensive patients. We used HRR ⩽ 24 beats/minute as the cutoff value for HRR, following Gharacholou et al. 11 We examined the results by defining HRR ⩽ 18 beats per minute as the cutoff value for HRR and found that abnormal HRR was 11.5% in the non-hypertension group and 20.0% in the hypertension group. Abnormal HRR was 18.2% in the BP controlled group and 23.1% in the BP uncontrolled group.
Potential impact of beta-blockers, gender, smoking, BMI, triglyceride level, manual labour occupation, and education status on HRR in hypertensive patients Previous studies explored the potential impact of beta-blockers on HRR in heart failure patients 5 and ischemic patients, 6 but studies investigating the impact of beta-blockers on HRR in hypertensive patients are scant. Our results showed comparable results between hypertensive patients receiving beta-blockers and hypertensive patients who were not treated with beta-blockers (Table 5) , which suggest that HRR post exercise was not significantly affected by beta-blockers in this patient cohort.
As there were 19% more smokers and 14% more males in the uncontrolled hypertensive group compared to the hypertensive patients with controlled BP group, gender and smoking status might be linked to the reduced HRR in the uncontrolled hypertensive group. We examined the HRR after adjusting for gender and smoking, and the results showed that HRR1 ⩽ 24 remained a risk factor for uncontrolled BP (Table 6 ). Therefore, the difference in HRR between hypertensive patients with controlled and uncontrolled BP is unlikely induced by gender and smoking. Notably, the BMI was significantly higher in hypertensive patients compared to non-hypertensive patients, but the BMI was near the normal range in this study patient cohort. Therefore, caution is required in the interpretation of the present data, and future studies are warranted to explore the association between HRR and hypertension, including goal BP control in obese hypertensive patients. Our results showed relatively high triglyceride levels, although 67-75% of the patients received a lipid-lowering medication (statin). the underlying reasons for this result are not fully clear, but poor drug compliance might be a possible reason for this result. Another factor might be the impact of dietary habits because dietary carbohydrate content is generally very high in the Chinese population, which might be another reason to explain the high triglyceride levels despite statin use. Future studies should explore the lipid-lowering efficacy of statins in various dietary plans. The percent of patients with a manual labour occupation was similar between the N-HP and HP groups. Therefore, the impact of manual labour occupations on the development of hypertension in this patient cohort might be minimal. The Abbreviations: BMI, body mass index; CI, confidence interval; DM, diabetes mellitus; HDL-c, high-density lipoprotein cholesterol; HP, hypertensive; HRR, heart rate recovery; HRRn, heart rate recovery at n minute post exercise; TG, triglyceride.
Heart rate recovery in hypertensive patients Y Yu et al education level was slightly higher in the HP group compared to the N-HP group. The underlying reasons for higher hypertension in this small study cohort could not be explained, and it is beyond the scope of the present study. The percentages of labour occupation and education level were similar between hypertensive patients with controlled and uncontrolled BP. Therefore, these factors might not be related to the lower HRR found in hypertensive patients with uncontrolled BP.
Clinical implications
The present study suggests that reduced HRR, which is a simple and inexpensive biomarker, is related to hypertension and reflects suboptimal BP control in hypertensive patients. Therefore, monitoring HRR during antihypertensive therapy might be an essential strategy to improve the autonomous balance and outcome for hypertensive patients.
Study limitations
First, the present retrospective study results were derived from a small patient cohort based on a single center database.
Our results need to be validated by a larger patient cohort from multi-center database. Second, the outcome during the short-term (18.8 ± 11.7 months) follow-up was similar among groups. A longer follow-up period is warranted to observe the impact of reduced HRR on outcomes in this patient cohort. Third, a Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARBs: angiotensin receptor blockers; BMI, body mass index; CAD, coronary artery disease; CCB, Calcium Channel Blockers; CHOL, cholesterol; DBP, diastolic blood pressure; DM, diabetes mellitus; Ex, treadmill exercise; HDL-c, high density lipoprotein cholesterol; HP, hypertensive; HR, heart rate; HRn, heart rate at n minute post exercise; HRR, heart rate recovery; HRRn, heart rate recovery at n minute post exercise; LDL-c, low density lipoprotein cholesterol; Mets, metabolic equivalents (1MET = 3.5 ml kg − 1 per minute of oxygen consumption); N-HP, normotensive; SBP, systolic blood pressure; TG, triglyceride; yr, year. *Po0.05 vs N-HP normal HRR; †Po0.05 vs HP normal HRR.
Heart rate recovery in hypertensive patients Y Yu et al prospective study is needed to explore the impact of intensive BP control on HRR and outcome in hypertensive patients. Notably, HRR could be affected by aerobic fitness, and the lower HRR in hypertensive patients with uncontrolled BP compared to hypertensive patients with controlled BP might reflect differences in aerobic fitness. The present study could not clarify this issue because of the lack of some data, such as VO 2 peak derived from Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARBs, angiotensin receptor blocker; BP, blood pressure; BMI, body mass index; CAD, coronary artery disease; CCB, calcium channel blocker; CHOL, cholesterol; DBP, diastolic blood pressure; DM, diabetes mellitus; Ex, treadmill exercise; HDL-c, high density lipoprotein cholesterol; HP, hypertensive; HR, heart rate; HRn, heart rate at n minute post exercise; HRR, heart rate recovery; HRRn, heart rate recovery at n minute post exercise; LDL-c, low density lipoprotein cholesterol; Mets, metabolic equivalents (1MET = 3.5 ml kg − 1 per minute of oxygen consumption); SBP, systolic blood pressure; TG, triglyceride; yr, year. cardiopulmonary exercise tests. Future studies are warranted to clarify this issue using cardiopulmonary exercise tests. The resting HR was relatively high (~80 per minute) in the N-HP and HP groups, although beta-blockers were prescribed to approximately 30% of the patients without hypertension and 50% of the hypertensive patients. Mental stress before the treadmill exercise test might play a minor role in these subjects, but this factor could not be confirmed in this study. Medication compliance might be another difficult-to-confirm issue for the relatively high resting HR in the study subjects. Although all patients confirmed their prescribed medications by answering the questionnaire sheets, we could not confirm whether individual patients actually took their prescribed medication.
CONCLUSIONS
The present results show that uncontrolled BP post antihypertensive medication is associated with lower HRR in hypertensive patients. Monitoring HRR might be an important strategy to optimize therapeutic efficacy by focusing on improving autonomous balance and outcome for hypertensive patients.
What is known about the topic?
• Reduced heart rate recovery (HRR) post-treadmill exercise testing reflects autonomic dysfunction.
• Reduced HRR is related to worse cardiovascular outcome.
What this study adds?
• HRR was significantly lower in the HP group than the N-HP group.
• HRR was also significantly lower in hypertensive patients with uncontrolled BP than hypertensive patients with controlled BP post antihypertensive medication.
